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(54) Projection-type display device 

(57) A projection-type display device which is used 
in a projector device for projecting optical images spa- 
tially modulated by reflection-type liquid crystal panels 
orrto a screen to display an image, wherein a wave- 
length separation mirror is arranged so that an angle 
exhibited by an optical axis of light incident on the wave- 



length separation mirror and the optical axis of reflected 
light becomes smaller than 90 degrees or polarization 
filters or polarization separation elements are arranged 
on an incident facet side or an emission tecet side of 
optical separation elements. 
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Description 

BACKGROUND OF THE INVENTION 

1 . ReW of the Invention s 

[0001] The present invention relates to a projection- 
type display device which can be applied to for example 
a projector device for projecting an optical Image spa- 
tially modulated by a reflection-type liquid crystal panel io 
ontoasaeen. 

2. Description of the Related Art 

[0002] In the related art. a projection-type display 75 
device has been proposed which is configured to use a 
reflection-type liquid crystal panel to generate a spa- 
tially modulated optical image and to project this optical 
image onto the screen so as to form a desired color 
image. 20 
[0003] Figure 1 is a view of the configuration of this 
type of projection-type display device. 
[0004] In this projection-type display device 1 . a light 
source 2 is constituted by for example a discharge lamp 
3 and a reflecta 4 and emits white illumination light. A 25 
convex lens 5 converts the illumination light emitted 
from the light source 2 to a substantially parallel lumi- 
nous flux arKi then emits it. 

[0005] A color separation mirror 6 on the optical path 
of the illumination light emitted from this convex lens 5 30 
reflects the illumination light having a predetermined 
wavelength and transmits the remaining illumination 
light therethrough. A color separation minor 7 on the 
optical path of the illumination light reflected at this color 
separation mirror 6 reflects the illumination light having 3s 
a predetermined wavelength and transmits tiie remain- 
ing illumination light therethrough. Due to this, the pro- 
jection-type display device 1 separates the illumination 
light emitted from the light source 2 to red. blue, and 
green illumination light. 40 
[0006] A lens 8, a mirror 9. and a lens 10 bend the 
optical path of the illumination light transmitted through 
the color separation mirror 6 to guide ttie light to a polar- 
ization beam splitter 11. The polarization beam splitter 
1 1 emits illumination light having a predetermined plane 45 
polarization in the illumination light striking from this 
lens 10 toward a reflection-type liquid crystal panel 12 
arKi transmits the illumination light having a plane polar- 
ization orthogonal to this plane polarization. Further, the 
polarization beam splitter 1 1 transmits a predetermined so 
polarization component in the optical image emitted 
after spatially modulating the illumination light at the 
reflection-type liquid crystal panel 12 and emits it to a 
color synthesizing prism 13. 

[0007] A polarization beam splitter 14 similarly emits ss 
the illumination light having a predetermined plane 
polarization In tfie illumination light reflected at the color 
separation mirror 7 toward the reflection-type liquid 



crystal panel 15 and transmits the illumination light hav- 
ing the plane polarization orthogonal to tiiis plane polar- 
ization tiierethrough. Further, the polarization beam 
splitter 14 transmits a predetermined polarization com- 
ponent in the optical image emitted after spatially okxI- 
uiation of the illumination light at the r^lection-type 
liquid crystal panel 15 therethrough and emits it to the 
color synthesizing prism 13. 

[0008] A polarization beam splitter 16 similarly emits 
tiie illumination light having a predetermined plane 
polarization in the illumination light reflected at the color 
separation mirror 7 toward the reflection-type liquid 
CTystal panel 1 7 and ti-ansmits the illumination light hav- 
ing a plane polarization orthogonal to this plane polari- 
zation theretiirough. Furtiier. the polarization beam 
splitter 16 transmits a predetermined polarization com- 
ponent in tiie optical image emitted after spatially mod- 
ulation of the illumination light at the r^lection-type 
liquid crystal panel 17 theretiirough and emits it to the 
color synthesizing prism 1 3. 

[0009] The reflection-type liquid crystal panels 1 2. 1 5. 
and 17 spatially modulate the illumination light accord- 
ing to color signals corresponding to the wavelengttis of 
tiie incident illumination light by being driven by a not 
illustrated drive circuit arxj project optical images 
rotated In their plane polarizations with respect to ttie 
illumination light toward tiie polarization beam splitters 

11. 14. and 16. 

[001 0] The color synthesizing prism 1 3 combines the 
optical images incident from these polarization beam 
splitters 11.14. and 1 6 and emits the result. A projection 
lens 19 projects the resultant optical image emitted from 
this color synthesizing prism 13 onto the screen 20. 
[0011] Due to this, tiie projection-type display device 
1 enlarges and projects tiie images formed on tiie 
reflection-type liquid crystal panels 12. 15, and 17 onto 
the screen 20 to thus display the intended color image. 
[001 2] The polarization beam splitters 11, 14, and 1 6 
used for this type of projection-type display device 1, 
however, also reflect and emit several percent of the 
amount of light incident of the components of plane 
polarization which originally must be fransmitted. In the 
projection-type display device 1, tiierefore, the unre- 
quired plane polarization components reflected at the 
polarization beam splitters 11,14, and 16 in this way are 
returned from the reflection-type liquid crystal panels 

12, 15. and 1 7 to the polarization beam splitters 11.14, 
and 16 and projected onto the screen 20 via the color 
synthesizing prism 13. 

[001 3] Further, unmodulated components which are 
never polarized, but are reflected are also contained 
also in tiie modulated light reflected at the reflection- 
type liquid crystal panels 12. 15. and 17. In the projec- 
tion-type display device 1 . such components are also 
projected onto the screen 20 via tiie color synthesizing 
prism 13. 

[0014] Due to tills, the projection-type display device 
1 suffers from the defect of the haze phenomenon 
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where a portion which should be originally displayed 
Wack is displayed white, so there is a problem that the 
contrast of the display image is still insufficient by that 
amount in practical use arid the quality of the display 
image is poor. 5 
[001 5] Betow. this haze phenomenon will be further 
considered from the viewpoint of the structure of the 
polarization beam splitter 

[0016] When a black portion is displayed white and 
this haze phenomenon is manifested, the contrast can- 10 
not be sufficiently secured by that anwunt in the image 
displayed on the screen. 

(001 7] A polarization beam splitter is formed by adher- 
ing inclined facets of rectangular prisms to each other. 
The incident light is detected by a laminate of dielectric 75 
films at the inclined facets. Accordingly, in the transmit- 
ted light and the reflected light of the polarization beam 
splitter, originally the linear polarized light resulting from 
this detection must be emitted. 

[001 8] The glass material constituting this type of rec- 20 
tangular prism, however, has a birefringence property. 
Due to this, the reflected light and the transmitted light 
to be originally emitted by the linear polarization are 
emitted by elliptical polarization. 

[0019] Namely, the reflected light and the transmitted 25 
light comes to contain light having a plane polarization 
orthogonal to the plane polarization originally aimed at. 
Further, the light incident due to linear polarization 
comes to be detected by elliptical polarization, therefore 
part of the light to be originally transmitted or reflected 30 
will be reflected or transmitted by that amount and emit- 
ted reverse to the former. 

[0020] When viewing this from the standpoint of the 
optical images emitted toward the polarization beam 
splitters from the reflection-type liquid crystal panels. 35 
the reflection-type liquid crystal panels spatially modu- 
late the incident light having the predetermined plane 
polarizations and reflect optical images as the synthe- 
sized light of p-polarization components and s-polariza- 
tion components. The optical images emitted in this way 40 
originally must be separated into the p-polarization 
components and the s-polarization components by the 
polarization beam splitters and only the optical images 
of the p-polarization components projected onto the 
screen. 45 
[0021] However, tiie optical images become elliptical 
polarized light due to the birefringence of the polariza- 
tion beam splitters. As a result, part of the siX)iarizatlon 
components subjected to no spatial modulation will be 
projected onto the screen. so 
[0022] Further, when viewing the illumination light 
emitted from the polarization beam splitters toward the 
reflection-type liquid crystal panels, the components of 
the plane polarization orthogonal to the illumination light 
having the predetermined plane polarization to be spa- ss 
tially nxxlulated at the reflection-type liquid aystal pan- 
els will leak in. This leaked illumination li^t will be 
projected onto the saeen as it is. 



[0023] Note that if the above haze phenomenon non- 
uniformly occurs, the image displayed in tine projection- 
type display device 1 will deteriorate in uniformity. 

SUMMARY OF THE INVENTION 

[0024] An object of the present invention is to provide 
a projection-type display device capable of displaying a 
high quality display image by improving tiie contrast. 
[0025] According to a first aspect of the present inven- 
tion, there is provided a projection-type display device, 
comprising at least a first reflection-type image-forming 
means for spatially modulating and reflecting an inci- 
dent first illumination light to emit a first optical image, a 
second reflection-type image-forming means for spa- 
tially modulating and reflecting an incident second illu- 
mination light to emit a second optical image, a 
wavelength separation mirror for reflecting illumination 
light of a predetermined wavelength in incident light and 
emitting it as tiie first illumination light to the first reflec- 
tion-type image-forming means and transmitting the 
remaining illumination light and emitting it as tiie second 
illumination light to the second reflection-type image- 
forming means so as to reflect tiie first optical image 
and transmit the second optical image and emit the first 
and second optical images so as to follow the optical 
path of tiie incident light in reverse, a projection optical 
system for projecting tiie first and second optical 
images, a light source for emitting predetermined light 
to the wavelength separation mirror as the incident light, 
and a light separating means for emitting the incident 
light emitted from the light source to tfie wavelengtii 
separation mirror and emitting the first and second opti- 
cal images incident from the wavelength separation mir- 
ror to the projection optical image, the inclination of the 
wavelength separation mirror set so tiiat the optical axis 
of tiie light incident on the wavelength separation min-or 
and tiie optical axis of the first optical image becomes 
smaller tiian 90 degrees. 

[0026] According to a second aspect of the present 
invention, there is provided a projection-type display 
device, comprising at least a first reflection-type image- 
forming means for spatially modulating and reflecting an 
incident first illumination light to emit a first optical 
image, a second reflection-type image-forming means 
for spatially modulating and reflecting an incident sec- 
ond illumination light to emit a second optical image, a 
ttiird reflection-type image-forming means for spatially 
modulating and reflecting an incident third illumination 
light to emit a ttiird optical image, a first wavelength sep- 
aration mirror for reflecting illumination light of a prede- 
termined wavelength in irK;ident light and emitting it as 
tiie first illumination light to the first reflection-type 
image-forming means and transmitting and emitting tiie 
remaining illumination light so as to reflect the first opti- 
cal image and transmit the second and third optical 
images and emit the first, second, and tiiird optical 
images so as to follow the optical path of the incident 
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light in reverse, a second wavelength separation mirror 
for reflecting illumination light of a predetermined wave- 
length in light transmitted through the first wavelength 
separation mirror and emitting it as the second illumina- 
tion light to the second reflection-type image-forming 
means and transmitting the remaining Illumination tight 
and emitting it as the third illumination light to the third 
reflection-type image-forming means so as to reflect the 
second optica] image arxi transmit the third optical 
image and emit the second and third optical images 
toward the first wavelength separation mirror, a projec- 
tion optical system for projecting the first, second, and 
tNrd optical images, a light source for emitting predeter- 
mined light to the first wavelength separation mirror as 
the incident light and a light separating means for emit- 
ting the incident light emitted from the light source to the 
first wavelength separation mirror and emitting the first 
second, and third optical images incident from the first 
wavelength separation mirror to the projection optical 
image, the inclination of the first wavelength separation 
mirror set so that the optical axis of the light incident on 
the first wavelength separation mirror and the optical 
axis of the first optical image becomes smaller than 90 
degrees, the inclination of the second wavelength sepa- 
ration mirror set so that the optical axis of the light inci- 
dent on the second wavelength separation mirror and 
passing through the first wavelength separation mirror 
and the optical axis of the second optical image 
becomes smaller than 90 degrees. 
[0027] Preferably, the first reflection-type image-form- 
ing means emits the first optical image with a plane 
polarization rotated with respect to the incident light and 
a polarization filter for selectively transmitting illumina- 
tion light of a plane polarization corresponding to the 
plane polarization of the light incident on the first reflec- 
tion-type image-forming means is arranged between 
thie light source and the light separating means. 
[0028] Alternatively, preferably the first reflection-type 
image-forming means emits the first optical image with 
a plane polarization rotated with respect to the incident 
light and a polarization filter for selectively transmitting 
incident light of a plane polarization corresponding to 
the plane polarization of the first optical image is 
arranged between the projection optical system and the 
light separating means. 

[0029] Alternatively, preferably, the first reflection-type 
image-forming means emits the first optical image with 
a plane polarization rotated with respect to the incident 
light, a first polarization filter for selectively transmitting 
illumination light of a plane polarization corresponding 
to the plane polarization of the light incident on the first 
reflection-type image-forming means is arranged 
between the light source and the light separating 
means, and a second polarization filter tor selectively 
transmitting inddent light of a plane polarization conre- 
sponding to the plane polarization of the first optical 
image is ananged between the projection optical sys- 
tem and the light separating means. 



[0030] According to a third aspect of the present 
invention, there is provided a projection-type display 
device, comprising a reflection-type image-forming 
means for spatially modulating and reflecting illumina- 

5 tion light of a predetermined plane polarization to emit 
an optical image with a plane polarization rotated with 
respect to the plane polarization of the illumination light, 
a projection optical system for projecting the optical 
image, a light source for emitting the illumination light. 

10 and a light separating means for emitting the illumina- 
tion light emitted from the light source toward the reflec- 
tion-type image-forming means and emitting the optical 
image emitted from the reflection-type image-forming 
means to the projection optical system, a polarization 

15 separation element for selectively transmitting illumina- 
tion light of a plane polarization corresponding to the 
plane polarization of the light incident on the reflection- 
type image-forming means and selectively reflecting the 
component of the plane polarization orthogonal to that 

20 plane polarization arranged between tiie light source 
and the light separating means. 
[0031 ] Preferably, the polarization separation element 
is formed on an incident facet of tiie illumination light of 
tiie light separating means. 

25 [0032] According to a fourth aspect of the present 
invention, there is provided a projection-type display 
device provided witii a reflection-type image-forming 
means for spatially modulating and reflecting illumina- 
tion light of a predetermined plane polarization to emit 

30 an optical image witti a plane polarization rotated witii 
respect to tiie plane polarization of the illumination light, 
a projection optical system for projecting the optical 
image, a light source for emitting the illumination light, 
and a light separating means for emitting the illumina- 

35 tion light emitted from ttie light source toward the reflec- 
tion-type image-forming means and emitting the optical 
image emitted from tiie reflection-type image-forming 
means to the projection optical system, a polarization 
separation element for selectively transmitting incident 

40 light of a predetermined plane polarization correspond- 
ing to the plane polarization of tiie optical image and 
selectively reflecting the component of the plane polari- 
zation ortiiogonal to that plane polarization arranged 
between tiie projection optical system and the light sep- 

45 arating means. 

[0033] Preferably, tiie polarization separation element 
is formed on an emission facet of the optical image of 
tiie light separating means. 

[0034] According to a fifth aspect of the present inven- 
50 tion, ttiere is provided a projection-type display device 
provided with a reflection-type image-forming means for 
spatially modulating and reflecting illumination light of a 
predetermined plane polarization to emit an optical 
image with a plane polarization rotated with respect to 
55 the plane polarization of the illumination light, a projec- 
tion optical system for projecting the optical image, a 
light source for emitting the illumination light, and a light 
separating means for emitting tiie illumination light emit- 
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ted from the light source toward the reflection-type 
image-forming means and emitting the optical image 
emitted from the reflection-type image-forming means 
to the projection optical system, a first polarization sep- 
aration element for selectively transmitting illumination 
light of a plane polarization corresponding to the plane 
polarization of the light Incident on the reflection-type 
image-forming means and selectively reflecting the 
conponent of the plane polarization orthogonal to that 
plane polarization arranged between the light source 
and the light separating means, a second polarization 
separation element for selectively transmitting incident 
light of a predetermined plane polarization correspond- 
ing to the plane polarization of the optical image and 
selectively reflecting the component of the plane polari- 
zation orthogonal to that plane polarization an-anged 
between the projection optical system and tiie light sep- 
arating means. 

[0035] Preferat)ly the first polarization separation ele- 
ment is formed on an incident facet of the illumination 
light of the light separating means. 
[0036] Ahernativeiy. preferably tiie second polariza- 
tion separation elemerrt is formed on an emission facet 
of the optical image of the light separating means. 
[0037] According to a sixth aspect of the present 
invention, tiiere is provided a projection -type display 
device provided with a reflection-type image-forming 
means for spatially modulating illunrtination light of a 
predetermined plane polarization to emit an optical 
image witii a plane polarization rotated with respect to 
the plane polarization of the illumination light, a projec- 
tion optical system for projecting the optical image, a 
light source for emitting the illumination light, and a 
polarization beam splitter for emitting the illumination 
light emitted from the light source toward the reflection- 
type image-forming means and emitting a predeter- 
mined polarization component in the optical light inci- 
dent from the reflection-type image-forming means to 
the projection optical system, tiie polarization beam 
splitter being formed by a member satisfying the follow- 
ing relationship: 



5.00x10^K*a* E 



where. 



p J 

X2 



(^^T)dk 



K: photoelasticity constant of the member 
(nm/mm • mm^/N). 

a: linear expansion coefficient of tiie member (10' 

E: Young's modulus of the member (lO^N/hnnn^, 
X: wavelength of the illumination light (nm), 
T: internal ti^ansmittance of the member at the 
wavelength X, 

p: specific gravity of the member (g/cm'^), and 



Cp: specific heat of tiie member (J/g • k). 

the integration range in Equation being a range 
of the light absorption wavelength band of the member. 
5 [0038] According to a seventh aspect of the present 
invention, there is provided a projection-type display 
device provided witti a plurality of reflection-type image- 
forming means each of which for spatially modulating 
incident light of a predetermined wavelength and emit- 
10 ting an optical image with a plane polarization rotated 
with respect to the plane polarization of the incident 
light, a light source for emitting illumination light, a dich- 
roic prism for emitting illumination light emitted from the 
light source to the plurality of reflection-type image- 
rs forming means based on wavelength and emitting tiie 
optical images incident from the plurality of reflection- 
type image-forming means so as to run in reverse along 
the optical axis of the illumination light, a projection opti- 
cal system for projecting the optical images, and a 
20 polarization beam splitter for emitting the illumination 
light emitted from the light source toward the dichroic 
prism and emitting a predetermined polarization com- 
ponent in the optical images incident from the dichroic 
prism to the projection optical system, the polarization 
25 beam splitter and/or ttie dichroic prism being famed by 
a member satisfying the following relationsNp: 



30 



35 



40 



45 



1 

D J 



where. 

K: photoelasticity constant of the member 
(nm/mm • mm^/N), 

a: linear expansion coefficient of tiie men^r (10* 
^/K). 

E: Young's modulus of tiie member (lO^N/mm^), 
X: wavelength of tiie illumination light (nm), 
T: internal ti-ansmittance of the member at tiie 
wavelength X, 

p: specific gravity of the member (g/cm^), and 
Cp: specific heat of the member (J/g • k). 



the integration range in Equation being a range 
of the light absorption wavelength band of the member. 
[0039] Preferably, tiie light absorption wavelengtii 
band is a range of 420 nm to 500 nm. 

50 [0040] Alternatively preferably, a polarization separa- 
tion element for selectively transmitting illumination light 
of a plane polarization corresponding to the plane polar- 
ization of tiie light incident on tiie reflection-type image- 
forming means and selectively reflecting the component 

55 of the plane polarization orthogonal to that plane polar- 
ization is arranged between the light source and the 
polarization beam splitter. 

[0041] Preferably, the polarization separation element 
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is formed on an incident facet of the illuminalion light of 
the polarization beam splitter. 
[0042] Alternatively, preferably, a polarization separa- 
tion element for selectively transmitting incident light of 
a predetermined plane polarization corresponding to 
the plane polarization of the optical image and selec- 
tivety reflecting the component of the plane polarization 
orthogonal to that plane polarization is an-anged 
between the projection optical system and the polariza- 
tion fc>eam splitter. 

[0043] Preferably, the polarization separation element 
is formed on an emission facet of the optical image of 
the polarization beam splitter. 
[0044] According to the present invention, if the incli- 
nation of the wavelength separation min^or is set so that 
the angle exhibited by the optical axis of the incident 
light on the wavelength separation mirror and the optical 
axis of the first optical image becomes smaller than 90 
degrees, it is possible to reduce the difference of the 
wavelengths in the p-polarlzation component and the s- 
polarization component reflected at the wavelength 
separation mirror. Accordingly, a high quality image can 
be displayed by innproving the efficiency of utilization of 
the illumination light by that amount. 
[0045] Further, if the inclination of the first wavelength 
separation mirror is set so that the angle exhibited by 
the optical axis of the incident light on the first wave- 
length separation mirror and the optical axis of the first 
optical image becomes smaller than 90 degrees and. 
further, if the inclination of the second wavelength sepa- 
ration mirror is set so that the angle exhibited by the 
optical axis of the light incident on the second wave- 
length separation mirror and transmitted through the 
first wavelength separation mirror and the optical axis of 
the second optical image becomes smaller than 90 
degrees, the difference of wavelengths in the p-polari- 
zation component and the siX>larization component of 
the reflected light can be reduced in wavelength separa- 
tion mirrors having a so-called three-plate type structure 
and. accordingly, a high quality image can be displayed 
by improving the efficiency of utilization of the illumina- 
tion light by that amount. 

[0046] If a polarization separation element is an^anged 
between the light source and the light separating 
means, the component never modulated by the reflec- 
tion-type image forming means is blocked and this com- 
ponent can be returned to the light source side. By this, 
a lowering of the contrast due to the prqection of this 
component is prevented, and thus the high quality 
image can be displayed. Further, the efficiency of utili- 
zation of the illumination light can be improved by utiliz- 
ing this component again, and a temperature rise can 
be prevented by that anx)unt. 
[0047] Further, if a polarization separation element is 
arranged between the projection optical system and the 
light separating means, the component lowering the 
contrast in the projected image is blocked and this com- 
ponent can be returned to the light source side. By this. 



10 

the lowering of the contrast due to the projection of this 
component Is preverrted and a high quality image can 
be displayed. Further, the efficiency of utilization of the 
illumination light can be improved by utilizing this com- 
5 ponent again, and a temperature rise can be prevented 
tsy that amount. 

[0048] Further, according to the present invention, 
even if the birefringence is increased in a member satis- 
fying the relationships due to an increase of stress by 

10 the rise of the temperature, the degree of the birefrin- 
gence can be made to stay in a range enough for the 
practical use. By this, the above haze phenomenon due 
to the birefringence can be reduced and it becomes 
possible to improve the contrast by that amount and dis- 

15 play a high quality display image. 

BRIEF DESCF^IPTION OF THE DRAWINGS 

[0049] These and other features of the present inven- 
20 tion will become clearer from the following description of 
the preferred embodiments given with reference to the 
accompanying drawings, in which: 

Rg. 1 is a view of the configuration of a projection- 
's type display device of the related art, 

Rg. 2 is a view of the configuration of a first embod- 
iment of a projection-type display device according 
to the present invention. 

Rg. 3 is a graph of the characteristics of a dichroic 
30 mirror. 

Rg. 4 is a view of the configuration of a second 
embodiment of a projection-type display device 
according to the present invention, 
Rg. 5 is a view tor explaining a function of a polari- 
35 zation separation element of Fig. 4, 

Rg. 6 is a view of the configuration of a tiiird 
embodiment of a projection-type display device 
according to the present invention, 
Rg. 7 is a view of the configuration of a fourth 
40 embodiment of a projection-type display device 
according to the present invention, 
Rg. 8 is a view of the configuration of a fifth embod- 
iment of a projection-type display device according 
to the present invention, 
45 Rg. 9 is a graph for explaining ^e operation of the 
prc^ection-type display device of Fig. 8, 
Rg. 10 is a view of the configuration of a sixth 
embodiment of a projection-type display device 
according to the present invention, 
50 Rg. 11 is a view of tiie configuration of a seventh 
embodiment of a projection-type display device 
according to the present invention, and 
Rg. 12 Is a view of the configuration for explaining 
the function of the polarization separation element 
55 of Fig. 11. 
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DESCRIPTION OF TME PREFERRED EMBODI- 
MENTS 

[0050] Below, embodiments of the present invention 
will be explained in detail by appropriately referring to 
the drawings. 

First Embodiment 

[0051 ] Figure 2 is a view of the configuration of a first 
embodiment of a projection-type display device accord- 
ing to the present invention. 

[0052] In a projection-type display device 3D of Fig. 2. 
a tight source 31 is comprised of a xenon lamp 32 
arranged in the vicinity of a reflector 33 formed by a sub- 
stantially parabolic minor and emits the white illumina- 
tion light emitted from the xenon lamp 32 from an 
opening of the reflector 33. 

[0053] Further, the light source 31 is provided with a 
pair of fly eye lenses 34A and 34B anranged on the opti- 
cal path of this illumination light. Due to this, the distribu- 
tion of the amount of the illumination light is made 
uniform. 

[0054] Further, the light source 31 is provided with a 
plane polarization conversion sheet 35 arranged 
between these fly eye lenses 34A and 34B. 
[0055] Here, the plane polarization conversion sheet 
35 is an optical element which mainly selectively trans- 
mits the s-polarization conrponent. that is. the polarized 
light which can be effectively spatially nrxxfulated at the 
reflection-type liquid crystal panels 36A, 36B, and 36C. 
in this projection-type display device 30 therethrough 
and converts p-polarization component orthogonal to 
this to s-polarization component. 
[0056] By this, the light source 31 increases the polar- 
ization component effective for the image display in the 
illumination light emitted with various plane polariza- 
tions from the xenon lamp 32. and reduces the polariza- 
tion component orthogonal to this and emits the 
resultant illumination light. As a result, the efficiency of 
utilization of the illumination light is improved and the 
contrast of the display image is improved. 
[0057] The convex lens 37 converges and emits the 
illumination light on the optical path of the illumination 
light emitted from the fly eye lens 34B. 
[0058] The mirror 38 is struck by the illumination light 
emitted from this convex lens 37 and reflects and emits 
this in a 90 degree direction with respect to the path of 
the incident light 

[0059] A convex lens 39 converges and emits the illu- 
mination light reflected at this mirror 38. 
[0060] A polarization filter 40 selectively transmits the 
s-polarization component effective for the image display 
in the illumination light emitted from the convex lens 39 
therethrough and absort)Sthe p-polarization component 
orthogonal to this. By this, the polarization filter 40 
selectively emits only the s-polarization component 
effective for the image display from the light source side 



toward a polarization beam splitter 41 . 
[0061] TTie polarization beam splitter 41 selectively 
reflects an s-polarization component necessary for the 
image display, and selectively transmits a p-polarization 

5 component orthogonal to this therethrough. By this, the 
polarization beam splitter 41 reflects most of the illumi- 
nation light incident from the polarization filter 40 and 
bends the optical path by 90 degrees, but. in contrast, 
selectively transmits the p-polarization components of 

10 the optical images resulting from the p-polarization and 
the s-polarization from the reflection-type liquid crystal 
panels 36A, 36B. and 36G running in reverse along this 
optical path. 

[0062] The dichroic mirror 42 B functions as a wave- 

75 length separation mirror which is formed by laminating 
transparent dielectric films on sheet glass, selectively 
reflects components having a predetermined wave- 
length in the incident light, and selectively transmits the 
remaining components therethrough. The dichroic mir- 

20 ror 42B selectively reflects the illumination light compo- 
nait of the blue band in the illumination light emitted 
from the polarization beam splitter 41 . emits this toward 
the reflection-type liquid aystal panel 36B. and trans- 
mits the remaining components therethrough. 

25 [0063] The reflection-type liquid crystal panel 36B is 
driven by a blue color signal and fornrts the blue image in 
the image to be displayed by this projection-type display 
device 30. The reflection-type liquid crystal panel 36B 
transmits the illumination tight incident from the dichroic 

30 mirror 42B therethrough, reflects it at a reflection plate 
ananged at its back sur^ce. and transmits it there- 
through again and emits this and thereby enrrits nvxlu- 
lated light with a plane polarization rotated according to 
the blue image. By tiiis, the reflection-type liquid aystal 

35 panel 36B emits the optical image of the synthesized 
light of the p-polarized light and the s-polarized light to 
the dichroic minor 42B for the illumination light incident 
due to the s-polarization. 

[0064] The dichroic mirror 42B selectively reflects the 
40 modulated light incident from the reflection-type liquid 
aystal panel 36B in this way and emit it to the polariza- 
tion beam splitter 41 and transmits the modulated light 
incident from a further continuing dichroic minor 42R 
therethrough to emit it to the polarization beam splitter 

45 41. 

[0065] The dichroic mirror 42B is arranged inclined by 
an angle of 45 degrees with respect to the optical axis of 
the incident light so that an angle 61 exhibited by the 
optical axis of the incident light and the optical axis of 
50 the optical image obtained from the reflection-type liquid 
aystal panel 36B becomes smaller than 90 degrees. 
[0066] The dichroic mirror 42B was arranged in this 
way for the following reason. 

[0067] Namely, in the dichroic mirror 42 B for selec- 
55 tively reflecting only the incident light having tiie 
intended wavelength, the cutoff wavelength for the 
selective transmission and reflection is different 
between the p-polarization component and the s-polari- 
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zation component which strike at an angle as shown by 
the reflectance of the p-polarization component and the 
reflectance of the s-polarization component shown by 
the symbols RP and RS rn Fig. 3. Contrary to this, this 
type of projection-type display device 30 reflects the 5 
incident light of the s-polarization component lor the 
ref lection-type liquid crystal panel 36B, reflects the opti- 
cal image of the pi30larization component incident from 
this reflection-type liquid aystal panel 366, and emits it 
to the polarization beam splitter 41. Due to this, when w 
the cutoff wavelength for selective transmission is differ- 
ent between the p-polarization component and the s- 
polarization component In this way. the efficiency of uti- 
lization of the light will be lowered by that amount. 
[0068] However, there is the characteristic feature that 15 
if the incident angle of the incident light becomes 
smaller, the difference of the cutoff wavelength in 
reflected lights of the p-polarization component and the 
s-polarization component is lowered by that amount. 
[0069] Therefore, the projection-type display device 20 
30 is provided with the dichroic mirror 42B ananged 
inclined at an angle of 45 degrees with respect to the 
optical axis of the incident light so that the angle 01 
exhibited by the optical axis of the incident light and the 
optical axis of the optical inrrage obtained from the 2s 
reflection-type liquid crystal panel 36B becomes smaller 
than 90 degrees. 

[0070] Further, the reflection-type liquid crystal panel 
36B is ananged close to the polarization beam splitter 
41 side so that the shape of the entire projection-type 30 
display device 30 can be reduced. 
[0071] The dichroic mirror 42R functions as a wave- 
length separation mirror which is formed by laminating 
transparent dielectric films on sheet glass, selectively 
reflects the components of predetermined wavelengths 35 
in the incident light, and selectively transmits the 
remaining components therethrough. The dichroic mir- 
ror 42R selectively reflects the illumination light compo- 
nent of the red band in the illumination light transmitted 
through the dichroic mirror 42B and emits this toward 40 
the reflection-type liquid crystal panel 36R. while trans- 
mits the remaining components and emits them toward 
the reflection-type liquid aystal panel 36G. 
[0072] The reflection-type liquid crystal panel 36R is 
driven by a red color signal arxJ forms the red image in 45 
the image to be displayed by this projection-type display 
device 30. The reflection-type liquid crystal panel 36R 
transmits the illumination tight incident from the dichroic 
mirror 42 R therethrough, then reflects it by the reflection 
plate arranged on its back surface, transmits it again, so 
and emits this and thereby emits modulated tight with a 
plane polarization rotated according to the red image. 
By this, the reflection-type liquid crystal panel 36R emits 
the optical image of the synthesized light of the p-polar- 
ized light and the s-polarized light to the dichroic mirror ss 
42R for the illumination light incident due to the s-polar- 
ization. 

[0073] The reflection-type liquid crystal panel 36G is 
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driven by a green oolor signal and forms the green 
image in the image to be displayed by this projection- 
type display device 30. The reflection-type liquid aystal 
panel 36G transmits th illumination light incident from 
the dichroic minor 42R th rethrough. then reflects it by 
the reflection plate anranged on its back surface, trans- 
mits it again, and emits this, thereby to emit modulated 
light with a plane polarization rotated according to the 
green image. By this, the reflection -type liquid crystal 
panel 36G emits the optical image of the synthesized 
light of the p-polarized light and the s-polarized light to 
the dichroic mirror 42R for the illumination light incident 
due to the s-polarization. 

[0074] The dichroic mirror 42 R selectively reflects the 
modulated light incident from the reflection-type liquid 
crystal panel 36 R in this way and emits this to the dich- 
roic mirror 42B, while transmits the modulated light inci- 
dent from the reflection-type liquid aystal panel 36G 
therethrough and emits this to the dichroic minor 42B. 
[0075] In the dichroic minor 42R synthesizing the 
green and red modulated lights and emitting the result 
in this way as well, if the wavelength becomes different 
between the reflectron lights of the p-polarization com- 
ponent and the s-polarization component and the inci- 
dent angle of the incident light becomes small, the 
difference of wavelengths becomes smaller by that 
amount. For this reason, the dichroic mirror 42R is 
ananged in parallel to the dichroic mirror 42B and 
ananged Inclined at an angle of 45 degrees with respect 
to the optical axis of the incident light so that the angle 
62 exhibited by the optical axis of the incident light and 
the optical axis of the optical image obtained from the 
reflection-type liquid crystal panel 36R becomes 
smaller than 90 degrees. 

[0076] Further, the reflection-type liquid crystal panel 
36R is ananged dose to the polarization beam splitter 
41 side so that the shape of the projection-type display 
device 30 can be made smaller as a whole. 
[0077] The polarization beam splitter 41 mainly sup- 
plies the illumination light due to the s-polarization emit- 
ted from the light source 31 to these dichroic mirrors 
42B. 42R, etc., and transmits the p-polarization compo- 
nent in the optical image of the synthesized light of the 
p-polarized light and the s-polarized lighrt generated by 
the reflection-type liquid aystal panels 36B. 36R, and 
36G as a result of this therethrough and emits this 
toward the screen. 

[0078] The polarization fitter 44 selectively transmits 
the p-potarization component therethrough on the opti- 
cal path of the modulated light emitted from this polari- 
zation beam splitter 41 , and selectively atssort^ the s- 
pdarization component- The projection optical system 
45 enlarges and projects the transmitted light of this 
polarization filter 44 on the screen 46. 
[0079] Next, an explanation will be made of the oper- 
ation due to this configuration. 

[0080] In the projection-type display device 30, the 
reflection-type liquid aystal panels 36B. 36R, and 36G 
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are driven by the blue. red. and green color signals so 
that images corresponding to the blue, red. and green 
color signals are formed on the reflection-type liquid 
crystal panels 36B. 36R. and 36G- In the projection- 
type display device 30. the illumination light emitted 
from the ligtit source 31 is broken down into the blue, 
red. and green wavelengths which are then supplied to 
the reflection-type liquid crystal panels 36B. 36R. and 
36G. Due to this, the plane polarizations of the blue, 
red. and green illumination light are rotated by the 
images corresponding to these blue. red. and green 
color signals to generate optical images. The p-polari- 
zation components of these optical images are selec- 
tively projected onto the saeen 36 by the projection 
optical system 45 so as to project a color display image. 
[0081 J Namely, the illumination light emitted from the 
light source 31 is made to strike the polarization beam 
splitter 41 via the mirror 38. There, the Si3olarization 
component effective for the formation of the optical 
image is reflected at the reflection-type liquid crystal 
panels 36B. 36R, and 36G and broken down into blue, 
red. and green illumination lights by continuing dichroic 
min^ors 428 and 42R. The blue, red, and green illumina- 
tion lights are polarized and reflected at the reflection- 
type liquid crystal panels 368. 36R, and 36G to gener- 
ate blue, red. and green optical images by the synthe- 
sized light of the p-polarized light and the s-polarized 
light. These optical images strike upon the polarization 
beam splitter 41 via the dichroic minors 428 and 42R. 
The p-polarization components of these modulated light 
are selectively transmitted through the polarization 
beam splitter 41 , strike the projection optical system 45, 
and are projected on the screen 46 by this projection 
optical system 45. 

[0082] At this time, the illumination light obliquely 
strikes the dichroic mirrors 428 and 42R at an angle due 
to the s-polarization. while the modulated light obliquely 
strikes the dichroic mirrors 428 and 42R as synthesized 
light of the p-polarized light and the s-polarized light. 
Contrary to this, since the dichroic mirrors 428 and 42R 
have different characteristics of reflection with respect 
to wavelength between the p-polarized light and the s- 
polarized light, the characteristics of reflection with 
respect to the wavelength In the Illumination light and 
the characteristic of reflectbn in the modulated light are 
made different (Fig. 3). 

[0083] In this embodiment, however, the dichroic mir- 
rors 428 and 42R are arranged inclined so that the 
angle exhibited by the optical axis of the illumination 
light with respect to the dichroic mirrors 428 and 42R 
and the optical axis of the modulated light Inddent upon 
the dichroic min-ors 428 and 42R becomes smaller than 
90 degrees, therefore the difference of the cutoff wave- 
lengths in the reflected light of the p-polarized light and 
the reflected light of the s-polarized light can be made 
smaller. Namely, compared with the trfue, red. and 
green illumination light emitted from the dichroic minors 
428 and 42R toward the reflection-type liquid aystal 



panels 368. 36R. and 36G, it becomes possible to emit 
the modulated lights of the blue, red, and green p-polar- 
ized light corresponding to the illumination light toward 
the projection optical system 45 with no waste and 
5 therefore possible to improve the efficiency of utilization 
of the illumination light by that amount and form a bright 
high quality display image. 

[0084] As explained above, the projection-type display 
device 30 spatially nrKxIulates the illumination light of 
10 the s-polarized light at the reflection-type liquid crystal 
panels 368. 36R. and 36G and emits the modulated 
light of the p-polarized light and the s-polarized light to 
the polarization beam splitter 41 via the dichroic minors 
428 and 42R. 

15 [0085] The polarization beam splitter 41 transmits the 
p-polarization component in the optical image of the p- 
pdarized light and the s-polarized light and emits it 
toward the saeen. At this time, the conrponent of the 
optical image resulting from the s-polarized light should 
20 be separated from the optical image resulting from the 
p-polarized light at the polarization beam splitter 41 and 
not be projected on the screen 46. but part passes 
through the polarization beam splitter 41. 
[0086] If the component of the optical image resulting 
25 from the s-polarized light is projected on the screen 46. 
the contrast of the display image will be lowered, but in 
this embodiment, the polarization filter 44 is arranged 
between the polarizatkwi beam splitter 41 and the pro- 
jection optical system 45. Therefore, the s-polarization 
30 component transmitting through the polarization beam 
splitter 41 is absorbed by this-pdarization filter 44. Due 
to this, compared with the related art. the amount of 
light will be greatly reduced for the s-polarization com- 
ponent lowering the contrast in this way. Accordingly. 
35 the contrast of the display image on the screen 46 is 
increased by that amount, and it becomes possible to 
display a high quality display image. 
[0087] Further, for the illumination light supplied to the 
reflection-type liquid crystal panels 368. 36R. and 36G. 
40 while the s-polarization component in the illumination 
light supplied from the light source 31 is reflected at the 
polarization beam splitter 41 and supplied, part of the p- 
polarization component is reflected and supplied. 
[0088] If this p-polarization component is reflected 
45 without any modulation at the reflection-type liquid crys- 
tal panels 368. 36R, and 36G and projected on the 
screen 46 without any differentiation from the optical 
image (p-polarizatk)n component), this component will 
also lower the contrast of the displ^ image, but in this 
so embocfiment since the polarization filter 40 is ananged 
between the light source 31 and the polarization t>eam 
splitter 41, the p-polarization component is absorbed by 
this polarization filter 40. Due to this, the amount of light 
of the illumination light due to tiie p-polarization sup- 
55 plied to the reflection-type liquid crystal panels 368, 
36R, and 36G is greatly reduced. Accordingly, the con- 
trast of the display image is increased by that amount 
and It becomes possible to display a high quality display 
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image. 

[0089] Further, a uniform amount of the illumination 
light can b supplied by the fly eye lenses 34A and 34B 
arranged at the light source 31, uneven luminance of 
the display image is prevented by that amount, and it 5 
becomes possible to display a high quality display 
image also by this. 

[0090] Further, by the plane polarization conversion 
sheet 35 arranged between these fly eye tenses 34A 
and 34B» the p-polarization component which is io 
absorbed by the polarization filter 40 or passes through 
the polarization beam splitter 41 and is never effective 
for the display of the image is partially converted to the 
Sijolarization component and emitted, whereby the effi- 
ciency of utilization of the illumination light is increased is 
by that amount, the luminance level of the display image 
is improved, and thereby also it becomes possible to 
display a high quality display image. Further, by the low- 
ering of the amount of light of the p-polarization compo- 
nent incident upon the polarization filter 40 in this way 20 
by that amount, the temperature rise at the polarization 
fitter 40 can be reduced and deterioration of the charac- 
teristics due to the temperature rise can be prevented. 
[0091] As explained above, according to the first 
embodiment, the dichroic mirror was arranged inclined 25 
so that the angle exhibited by the optical axis of the illu- 
mination light incident on the dichroic mirror serving as 
the wavelength separation mirror and the optical axis of 
the modulated light becomes smaller than 90 degrees, 
therefore, in the configuration for generating modulated 30 
light of the p-polarized light and the s-polarized light 
from the illumination light of the s-polarized light arxl 
projecting the same onto the screen, the difference of 
wavelengths in the p-polarization component and the s- 
polarization component of the reflected light can be 3s 
reduced, the efficiency of utilization of the illumination 
light can be improved by that amount, and as a result a 
high quality image can be displayed. 
[0092] Further, by arranging the polarization filters 
between the light source and the polarization beam 40 
splitter and between the polarization beam splitter and 
the projection optical system and making them absorb 
the p-potarization component and the s-polarization 
component, it is possible to prevent the above haze 
phenomenon of the display image and be able to 4S 
increase the contrast and therefore able to display a 
higher quality image by that amount. 

Secorxi Emtxxjiment 

50 

[0093] Figure 4 is a view of the configuration of a sec- 
ond embodiment of a projection-type display device 
according to the present invention. 
[0094] The difference of a projection-type display 
device 50 according to the second embodiment from 55 
the projection-type display device 30 according to the 
first emlxxiiment explained above resides in that polari- 
zation separation elements 51 and 52 are arranged in 



place of the polarization filters as shown in Rg. 4. 
[0095] Note that since this projection-type display 
device 50 is configured in tiie same way as th projec- 
tion-type display device 30 mentioned above except that 
tiie polarization separation elements 51 and 52 are 
arranged in place of the polarization filters, the corre- 
sponding configurations are indicated by same refer- 
ences and overlapping explanations will be omitted. 
[0096] The polarization separation elements 51 and 
52 are formed by laminating films having predetermined 
tiiicknesses having optical anisotropy and, as shown in 
Fig. 5. selectively ti-ansmit the inciderrt light having the 
predetermined plane polarizations therethrough, while 
selectively reflect the incident light having the plane 
polarizations orthogonal to tiiem. 
[0097] The polarization separation element 51 is 
anranged between a convex lens 39 and the polarization 
beam splitter 41 and selectively transmits the s-polari- 
zation component in the illumination light inciderrt from 
the light source 31 theretfirough, while selectively 
reflects tiie p-polarization component. 
[0098] The polarization separation element 52 is 
an-anged between the projection optical system 45 and 
tiie polarizatfon beam splitter 41 and selectively tarans- 
mits the p-polarization component in the incident light 
from tiie polarization beam splitter 41 ttierettirough, 
while selectively reflects the six>larization component. 
[0099] By tiiis, the polarization separation elements 
51 and 52 inprove the contrast of tiie display image. 
[0100] Further, at this time, unlike polarization filters, 
tiiey do not absorb the p-polarization component and s- 
polarization component, but reflect them, so the temper- 
ature rise can be reduced by that amount. 
[0101] Note that the light returned to the light source 
31 side or the polarization beam splitter 41 in tiiis way 
changes in its plane polarization due to multiple reflec- 
tion etc. at the light source 31 etc. and will reach tiie 
polarization separation elements 51 and 52 as compo- 
nents which will pass through tiie polarization separa- 
tion elements 51 and 52. Due to this, tiiis projection- 
type display device 50 can improve tiie luminance level 
of tiie display image by utilizing the illumination light effi- 
ciently 

[0102] Further, the polarization separation elements 
51 and 52 are held and adhered to the incident facet 
and the emission facet of the polarization beam splitter 
41 by an optical bonding material. 
[0103] Due to this, the projection-type display device 
50 eliminates the air layer between the polarization sep- 
aration element 51 and the polarization beam splitter 41 
and the air layer between the polarization separation 
element 52 and the polarization beam splitter 41 and 
therefore prevents the loss of light due to these air lay- 
ers. Further, the projection-type display device 50. com- 
pared witii the case of use of polarization filters 
absoit)ing the predetermined polarization component, 
radiates ttie heat generated at the polarization separa- 
tion elements 51 and 52 witii a good efficiency to reduce 
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the temperature rise. 

[01 04J Note that, in a configuration using polarization 
filters as well, it can be considered to adhere the ele- 
ments to the polarization beam splitter, but the temper- 
ature rise in polarization filters is larger than that of the 
polarization separation elements, therefore there is the 
apprehension that birefringence will occur at the polari- 
zation beam splitter due to the temperature rise of the 
polarization beam splitter per se, the contrast will be 
lowered, and further the uniformity wilt be deteriorated. 
[01051 According to the second embodiment, since 
the polarization separation element 51 which selectively 
transmits the s-polarization component therethrough, 
and selectively r^lects the p-polarization component is 
arranged between the light source 31 and the polariza- 
tion beam splitter 41. the contrast of the display image 
is improved and a high quality display Image can be 
formed. 

[01 06] Further, since the polarization separation ele- 
ment 52 which selectively transmits the p-polarization 
component therethrough, and selectively reflects the s- 
polarization component is arranged between the projec- 
tion optical system 45 and the polarization beam splitter 
41, the conti-ast of the display image is improved and a 
high quality display image can be formed. 
[0107] Further, since these polarization separation 
elements 51 and 52 are held adhered to the polarization 
beam splitter 41 . the loss of the light due to the air layer 
is prevented and thus a bright high quality display image 
can be displayed. Further, since the temperature rise 
can be reduced, the reliability can be improved by that 
amount, an aging can be prevented, and further the 
work required for the arrangement can be simplified. 



tion beam splitter 61. 

[0112] As shown in Rg. 6, even in the case where a 
polarization beam splitter of a different configuration is 
used, similar effects to those by the second embodi- 
5 ment can be obtained. 

Fourth Embodimftnt 



Third EmbnriimftfTy 

[0108] Rgure 6 is a view of the configuration of a third 
embodiment of a projection-type display device accord- 
ing to the present invention. 

[0109] In a projection-type display device 60 accord- 
ing to the third embodiment, a polarization beam splitter 
61 having a different transmitting and reflecting plane 
polarization from that of the polarization beam splitter 
41 of tile projection-type display device 50 of the second 
embodiment mentioned above is arranged. The 
an^ngement of the optical system is changed corre- 
sponding to this. 

[01 10] Note that, in this projection-type display device 
60. the same configurations as those of the projection- 
type display device 50 mentioned above are indicated 
by corresponding references and overlapping explana- 
tions will be omitted. 

[01 1 1 ] Namely, in tfiis projection-type display device 
60. the polarization beam splitter 61 transmits the s- 
polarization component therethrough and reflects the p- 
polarization conponent. Con-esponding to this, the 
dichroic min-or 42R etc. are arranged on the optical path 
of the illumination light transmitted through the polariza- 



[0113] Rgure 7 is a view of the configuration of a 
10 fourth embodiment of a projection-type display device 
according to the present invention. 
[0114] In this projection-type display device 70. the 
Illumination light is broken down into red. blue, and 
green illumination lights by a dichroic prism 72 in place 
15 of the dichroic mirrors 42R. 42B in the prqection-type 
display device 30 and the red. blue, and green optical 
images are syntiiesized. 

[01 1 5] As in Rg. 7. even if the illumination light is bro- 
ken down into red, blue, and green illumination light by 
20 a dichroic prism 72 in place of the dichroic mirrors 42R. 
42B and red. blue, and green optical images are com- 
bined, similar effects as those by the above embodi- 
ment can be obtained. 

[01 16] Note that, in the first to fourth embodiments. 
25 the description was made of the cases where polariza- 
tion fflters or polarization separation elements are 
arranged on the light source side and projection optical 
system side of the polarization beam splitter, but the 
present invention is not limited to these. It is also possi- 
30 We if they are an-anged on either side in the case where 
characteristics enough for practical use can be 
obtained. 

[01 1 7] Further, in the third and fourth embodiments, 
the description was made of cases where ttie polariza- 
35 tion separation elements were held adhered to ttie 
polarization beam splitter, but ttie present invention is 
not limited to these. It is also possible if they are 
arranged witii an air layer interposed therebetween in 
ttie case where character^cs enough for practical use 
^ can be obtained. 

[01181 Further, in the tfiird and fourth embodiments, 
the description was made of cases where the polariza- 
tion separation elements were constituted by laminating 
films having predetermined ttiicknesses having optical 
45 anisotropy. but the present invention is not limited to 
these. It is also possible if ttiis type of polarization sepa- 
ration element is constituted by laminating transparent 
members having optical anisotropy to a predetermined 
thickness on for example a glass plate. 
50 [01 1 9] Further, in the third and fourth embodiments, 
the description was made of cases where ttie polariza- 
tion separation elements were simply arranged, but the 
present invention is not limited to this. It is also possible 
if the polarization separation elements are arranged by 
55 AR coating. 
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Fifth Embodiment 

[01 20] Figure 8 is a view of the configuration of a fifth 
embodiment of a projection-type display device accord- 
ing to the present invention. 5 
[0121] The difference of a projection-type display 
device 80 of the fifth embodiment from the projection- 
type display devices 30, 50. 60, and 70 of the first to 
fourth emtxxjimerrts resides in that, in place of the 
arrangement of the polarization filters or polarization io 
separation elements on the light source side and projec- 
tion optical system side of the polarization beam splitter, 
as will be mentioned later, a polarization beam splitter 
placing predetermined conditions on the structural 
parameters is constituted, whereby the lowering of the is 
contrast due to the above haze phenomenon is stopped 
to an extent sufficient for practical use and a high quality 
image can be displayed. 

[0122] Below, an explanation will be made of the con- 
crete configuration and operation of the projection-type 20 
display device 80 according to the fifth embodiment in 
sequence in relation to Rg. 8 and Fig. 9. 
[0123] In the projection-type display device 80 of Rg. 
8, a light source 81 is comprised of an xenon lamp 82 
arranged in the vicinity of a reflector 83 formed by a sub- 25 
stantially parabolic mirror and emits white illumination 
light from the xenon lamp 82 from an opening of the 
reflector 83. 

[0124] Further, the light source 81 is provided with a 
pair of fly eye lenses 84A and 84B arranged on the opti- 30 
cal path of this illumination light so as to make the distri- 
bution of the amount of the illumination light uniform. 
[0125] Further, the light source 81 is provided with a 
plane polarization conversion sheet 85 arranged 
between these fly eye lenses 84A and 848. 3s 
[0126] Here, the plane polarization conversion sheet 
85 is an optical element which mainly selectively trans- 
mits the s-pdarization conrtponent, that is, the polarized 
light which can be effectively spatially modulated at the 
reflection-type liquid crystal panels 86A. 86B, and 86C. 40 
in this projection-type display device 80 therethrough, 
and converts p-polarization component orthogonal to 
this to s-polarization component. 
[01 27] By this, the light source 81 increases the polar- 
ization component effective for the image display in the 4S 
illumination light emitted with various plane polariza- 
tions from the xenon lamp 82, and reduces tiie polariza- 
tion component orthogonal to tills and emits ttie 
resultant illumination light. As a result, the efficiency of 
utilization of the illumination light is improved and the so 
contrast of the display image is improved. 
[0128] The convex lens 87 converges and emits the 
illumination light on the optical path of the illumination 
light ennitted from the fly eye lens 848. 
[01 29] The mirror 88 is struck by the illumination light 55 
emitted from this convex lens 87 and reflects and emits 
this in a 90 degree direction witii respect to tiie path of 
the incident light. 
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[01 30] A convex lens 89 converges and emits the illu- 
mination light reflected at this mirror 88. 
[0131] A polarization beam splitter 90 selectively 
reflects the s-polarization component effective for the 
image display, and selectively transmits ttie p-polariza- 
tion component orthogonal to this therethrough. By tfiis, 
the polarization beam splitter 90 reflects most of the illu- 
mination light incident from the convex lens 89 and 
bends the optical path by 90 degrees, but in contrast 
selectively trsinsmits the p-polarization component of 
the optical image of the p-polarization and the s-polari- 
zation from the reflection-type liquid crystal panels 86B. 
86R, and 86G running in reverse through tiiis optical 
path. 

[01 32] The polarization beam splitter 90 having such 
a function is formed by adhering the inclined facets of 
rectangular prisms to each other. Dielectric films are 
laminated on ttie adhered facets to form detection 
planes for detecting the incident light 
[0133] In ttie polarization beam splitter 90. a bottom 
surface of each rectangular prism is formed to a length 
of 50 mm. Due to ttiis. ttie splitter is formed overall to a 
cubic shape of a lengtii of 50 mm to a side. 
[01 34] The polarization beam splitter 90 is configured 
with ttie rectangular prisms formed by a glass material 
having a parameter A indicated by ttie following equa- 
tion of a value 3.71 x 10^, whereby ttie birefringence 
due to the thermal stress is reduced: 

A=K-a-E-^J (1-T)dX (1) 
where. 

K: photoelasticity constant of ttie glass material 
(nm/mm • mm^/N), 

a: linear expansion coefficient of the glass material 
(10-^/K). 

E: Young's modulus of tiie glass material 
(lO^N/mn?). 

X: wavelength of ttie illumination light (nm), 

T: internal transmittance of ttie glass material at ttie 

wavelength X. 

p: specific gravity of ttie glass material (g/cm^), and 
Cp: specific heat of ttie glass material (J/g * k). 

[01 35] The integration range in Equation ( 1 ) is a range 
of the light at>sorption wavelength band of the glass 
material (420 nm(X1) to 500 nm(X2)). 
[01 36] The dichroic mirror 91 B is formed by laminating 
ti'ansparent dielectric films on sheet glass and functions 
as a wavelengtti separation min-or which selectively 
reflects components of predetermined wavelengths in 
the incident light, and selectively transmits the remain- 
ing components theretiirough. The dichroic mirror 91 B 
selectively reflects tiie blue band illumination light com- 
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ponent in the illumination light emitted from the polariza- 
tion beam splitter 90. emits this toward the reflection- 
type liquid crystal panel 86B. and transmits the remain- 
ing components therethrough. 
[01371 The reflection-type liquid crystal panel 86B is 
driven by a blue color signal and forms the blue image in 
the image to be displayed by this projection-type display 
device 80. The reflection-type liquid crystal panel 86B 
transmits the illumination light incident from the dichroic 
mirror 91 B therethrough, then reflects it at a reflector 
plate arranged on its back surface, and transmits this 
therethrough again and emit it and thereby emit the 
modulated light with a plane polarization rotated 
according to the blue image. By this, the reflection-type 
liquid crystal panel 86B emits an optical image of the 
synthesized light of the p-polarized light and the s-polar- 
ized light to the dichroic mirror 91 8 with respect to illu- 
mination light emitted by s-polarization. 
101381 The dichroic mirror 918 selectively reflects the 
modulated light incident from the reflection-type liquid 
crystal panel 86B in this way and emits this to the polar- 
ization beam splitter 90. while transmits the nxxJulated 
light incident from the further continuing dichroic mirror 
91 R and emits this to the polarization beam splitter 90. 
[01 39] The dichroic mirror 91 B is ananged inclined by 
an angle of 45 degrees with respect to the optical axis of 
the incident light so that the angle ei exhibited by the 
optical axis of ttie incident light and the optical axis of 
the optical image obtained from the reflection-type liquid 
crystal panel 86B becomes smaller than 90 degrees. 
[0140] The dichroic mirror 91 B was an-anged In this 
way for the following reason. 

[0141] Namely, in the dichroic minor 91 B for selec- 
tively reflecting only the incident light having the 
intended wavelength, the cutoff wavelength for the 
selective ti-ansmission and reflection is different 
between the p-polarization component and the s-polari- 
zation component which sti-ike at an angle. Contrary to 
this, this type of projection-type display device 80 
reflects the incident light of the s-polarization compo- 
nent for the reflection-type liquid crystal panel 868, 
reflects the optical image of the p-polarization compo- 
nent incident from this reflection-type liquid crystal 
panel 86B, and emits it to tiie polarization beam splitter 
90. Due to this, when the cutoff wavelength for selective 
transmission is different between the p-polarization 
component and the s-polarization component in this 
way, the efficiency of utilization of the light will be low- 
ered by that amount. 

[01 42] However, there is the characteristic feature that 
if the incident angle of the incident light becomes 
smaller, the difference of tiie cutoff wavelengtii in 
reflected lights of the p-polarization component and the 
s-polarization component is lowered by that amount. 
[0143] Therefore, ttie projection-type display device 
80 is provided with the dichroic mirror 91 B arranged 
inclined at an angle of 45 degrees with respect to tiie 
optical axis of the incident light so that tiie angle 81 



exhibited by the optical axis of tiie incident light and the 
optical axis of the optical image obtained from the 
reflection-type liquid crystal panel 868 becomes smaller 
than 90 degrees. 

5 [0144] Further, the reflection-type liquid crystal panel 
868 Is arranged close to the polarization beam splitter 
90 side so ttiat the shape of the entire projection-type 
display device 80 can be reduced. 
[0145] The dichroic min-or 91 R functions as a wave- 
10 lengtii separation mintjr which is formed by laminating 
fransparent dielectric films on sheet glass, selectively 
reflects the components of predetermined wavelengths 
in tiie incident light, and selectively transmits tiie 
remaining components ttierethrough. The dichroic mir- 
15 ror 91 R selectively reflects the illumination light corrpo- 
nent of the red band in the illumination light transmitted 
tiirough the dichroic min-or 91 B and emits this toward 
the reflection-type liquid aystal panel 86R, while frans- 
mits tiie remaining components and emits them toward 
20 tiie reflection-type liquid crystal panel 86G. 

[0146] The reflection-type liquid crystal panel 86R is 
driven by a red color signal and forms the red image in 
the image to be displayed by this projection-type display 
device 80. The reflection-type liquid crystal panel 86R 
25 transmits the illumination light incident from the dichroic 
mirror 91 R tiierethrough. tiien reflects it by the reflection 
plate arranged on its back surface, transmits it again, 
and emit ttiis and thereby emits modulated light with a 
plane polarization rotated according to the red image. 
30 By this, tiie reflection-type liquid crystal panel 86R emits 
the optical image of tiie synthesized light of the piX)lar- 
ized light and the s-polarized light to the dichroic min-or 
91 R for tfie illumination light incident due to the s-polar- 
ization. 

35 [0147] The reflection-type liquid crystal panel 86G is 
driven by a green color signal and forms tiie green 
image in the image to be displayed by this projection- 
type display device 80. The reflection-type liquid crystal 
panel 86G fransmits tiie illumination light incident from 
40 ttie dichroic minror 91 R ttierettirough. ttien reflects it by 
ttie reflection plate arranged on its back surface, frans- 
mits it again, and emits this, ttiereby to emit modulated 
light witti a plane polarization rotated according to tiie 
green image. By tiiis. the reflection-type liquid crystal 
45 panel 86G emits the optical image of the synthesized 
light of the p-polarized light and ttie s-polarized light to 
ttie dichroic mirror 91 R for ttie illumination light incident 
due to the s-polarization. 

[01 48] The dichroic mirror 91 R selectively reflects the 
50 nxxlulated light incident from the reflection-type liquid 
crystal panel 86R in this way and emits tfiis to the dich- 
roic mirror 91 B, while transmits ttie modulated light inci- 
dent from the reflection-type liquid crystal panel 86G 
ttierethrough and emits ttiis to the dichroic mirror 91 B. 
55 [0149] In ttie dichroic minror 91 R synthesizing tine 
green and red modulated lights and emitting the result 
in this way as well, if the wavelength becomes different 
between ttie reflection lights of the p-polarization com- 
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ponent and the s-polarization component and the inci- 
dent angle of the incident light becomes small, the 
difference of cutoff wavelengths becomes smaller tiy 
that amount For this reason, the dichroic mirror 91 R is 
arranged in parallel to the dichroic mirror 91 B and 5 
arranged inclined at an angle of 45 degrees with respect 
to the optical axis of the incident light so that the angle 
62 exhibited by the optical axis of the incident light and 
the optical axis of the optical image obtained from the 
reflection-type liquid crystal panel 86R becomes w 
smaller than 90 degrees. 

[0150] Further, the reflection-type liquid crystal panel 
86R is arranged close to the polarization beam splitter 
90 side so that the shape of the proiection-type display 
device 80 can be made smaller as a whole. is 
[01 51 1 The polarization beam splitter 90 mainly sup- 
plies the illumination light due to the s-polarization emit- 
ted from the light source 81 to these dichroic mirrors 
91 B, 91 R. etc., and transmits the p-polarization compo- 
nent in the optical image of the synthesized light of the 20 
p-polarized light and the s-polarized light generated by 
the reflection-type liquid crystal panels 86B, 86R. and 
86G as a result of this tiierethrough and emits this 
toward the screen. 

[0152] The projection optical system 92 enlarges and 25 
projects the transmitted light of this polarization beam 
splitter 91 on a screen 93. 

[01 53] Next, an explanation will be made of the oper- 
ation by the above configuration. 

[0154] In the projection-type display device 80, the 30 
reflection-type liquid crystal panels 86B. 86R, and 86G 
are driven by tiie blue, red, and green color signals and 
images corresponding to the blue, red, and green color 
signals are formed on the reflection-type liquid crystal 
panels 86B. 86R. and 86G. The projection-type display 3S 
device 80 breaks down the illumination light emitted 
from the light source 81 to wavelengths of blue, red. and 
green and supplies them to the corresponding reflec- 
tion-type liquid crystal panels 86B. 86R. and 86G 
thereby to rotate the plane polarizations of the blue, red, 40 
and green illumination lights by images corresponding 
to the blue, red. and green color signals and generate 
the optical images, selectively projects the p-polariza- 
tion components in these optical images by tfie projec- 
tion optical system 92 onto the screen 93, and thus 45 
projects a colored display image. 
[0155] Namely, the illumination light emitted from the 
light source 81 strikes the polarization beam splitter 90 
via the minor 88. There, the s-polarization component 
to be used for the formation of the optical image is so 
reflected at the reflection-type liquid aystal panels 868, 
86R. and 86G and broken down to the blue, red. and 
green illumination lights by the continuing dichroic mir- 
rors 91 B and 91 R. The blue, red, and green illumination 
lights are reflected at the reflectk)n-type liquid crystal ss 
panels 86B. 86R. and 86G and blue, red. and green 
optical images of the synthesized light of the p-polarized 
light and the s-polarized light are generated. These opti- 



cal images strike the polarization beam splitter 90 via 
the dk:hroic mirrors 918 and 91 R. The p-polarization 
components of the modulated tight selectiv^y pass 
through the polarization beam splitter 90. strike the pro- 
jection optical system 92, and are projected on the 
screen 93 by this projection optical system 92. 
[0156] At tilts time, the illumination light obliquely 
strike the dichroic mirrors 91 B and 91 R by the s-polari- 
zation. and the modulated light oblk^uely strike the drch- 
roic min-ors 91 B and 91 R as the synthesized lighrt of the 
p-polarized light and the s-polarized light. On the other 
hand, the dichroic mirrors 91 B and 91 R have different 
characteristics of reflection with respect to wavelength 
between the sisolarized light and the pc^arized light, so 
the characteristic of reflection with respect to the wave- 
length in the illumination tight and the characteristic of 
tiie reflection in the modulated light become different. 
[01 57] In this embodiment, however, the dichroic mir- 
rors 918 and 91 R are arranged inclined so tiiat the 
angle exhibited by the optical axis of the illumination 
light incident on the dichroic mirrors 918 and 91 R and 
the optical axis of the modulated lights incident upon the 
dichroic mirrors 918 and 91 R is made smaller than 90 
degrees, tiierefore the difference of the cutoff wave- 
length between the reflected light of tiie s-polarized light 
and tile reflected light of tiie p-polarized light can be 
made small. Namely, with respect to the blue, red. and 
green illumination lights emitted toward the reflection- 
type liquid crystal panels 86B. 86R. and 86G at the 
drchroic mirrors 918 and 91 R. the nxxiulated light of the 
blue, red, and green p-polarization con-esponding to tiie 
illumination light can be emitted toward the projection 
optical system 92 with no waste, therefore the efficiency 
of utilization of tiie illumination light can be improved by 
that amount and a bright high quality display image can 
be formed. 

[01 58] As mentioned above, in the projection-type dis- 
play device 80, the illumination light of the s-polarization 
is spatially modulated at tiie reflection-type liquid aystal 
panels 36B. 36R. and 36G and modulated light of the p- 
pdarization and tiie s-polarization are emitted and 
strike the polarization beam splitter 90 via the dichrok; 
mirrors 918 and 91 R. 

[01 59] In tiie polarization beam splitter 90, the p-polar- 
ization components in the optical images of the p-polar- 
ization and the s-polarization are transmitted and 
emitted toward the screen. At this time, originally tiie s- 
polarizati'on components of the optical images are sep- 
arated from the optical images by the p-polarization at 
tiie polarization beam splitter 90 and must not to be pro- 
jected on the screen 93. 

[0160] However, when an s-polarization component 
passes tiirough a rectangular prism constituting tiie 
polarization beam splitter 90. the plane polarization of 
tiie s-polarization component changes due to birefrin- 
gence, whereby the component incident by the s-polari- 
zation is detected at the detection facet as tiie p- 
polarization component. By this, in the projection-type 
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display device 80. part of the s-polarization component 
will pass through the polarization beam splitter 90 and 
be projected on the screen 93. so the contrast of the dis- 
play image will be lowered by that anruxjnt. 
[01611 Further, in the illumination light emitted from s 
the light source 81. the p-polarization component is 
emitted toward the reflection-type liquid crystal panels 
86B. 86R. and 86G by the detection at the detection 
facet of the polarization beam splitter 90, but at this 
time, due to the birefringence of the rectangular prisms io 
constituting the polarization beam splitter 90. the s- 
polarization component is mixed into the p-polarization 
component and emitted. This s-polarization component 
will be reflected at the reflection-type liquid crystal pan- 
els 86B. 86R. and 86G and then pass through the polar- is 
ization beam splitter 90 and be projected on the saeen 
93. Thus the contrast of the display image will be low- 
ered by that amount. 

[0162] In this embodiment, however, since the rectan- 
gular prisms are formed by a glass material having the 20 
parameter A indicated by Equation (1) with the value 
3.71 X 10^. the p-polarization component and the s- 
polarization component increasing due to the birefrin- 
gence can be stopped in a range enough for practical 
use, and the lowering of the contrast due to the above 25 
haze phenomenon is prevented by that amount. 
[0163] Namely, if the degree of the birefringence can 
be reduced in the rectangular prisms constituting the 
polarization beam splitter 90 from causes of the above 
haze phenomenon, the phenomenon can be reduced 30 
by that amount. This birefringence occurs due to the 
stress inside the glass material and can be determined 
by the value of the optical path length x optical elastic 
constant x stress indicating the amount of strain of the 
glass material as a yardstick. 35 
[01 64] Of these, the optical elastic constant has a con- 
stant value dependent upon the glass material, there- 
fore it has been considered that this type of haze 
phenomenon can be reduced by managing this optical 
elastic constant. However, even if the optical elastic 40 
constant is greatiy reduced, if it is a glass material hav- 
ing a large stress, it becomes difficult to reduce the bire- 
fringence by ttiat amount. 

[0165] Therefore, when investigating the stress, in this 
type of glass material, the stress is represented by ther- 45 
mal stress + initial stress + attachment sto-ess. Here, the 
thermal stress Is the stress of displacement according 
to the temperature rise of the glass material. In the pro- 
jection-type display device 80, it occurs due to a tenper- 
ature rise due to tiiermal convection inside tfie set, heat so 
conductivity, loss of illumination light, or the like. Fur- 
ther, the initial stress is a residual stress from tine time of 
fabrication of the polarization beam splitter 90 and is 
generated due to the residual sto'ess when the glass 
material becomes hard, tfie residual stress at the cut- ss 
ting and polishing of the glass material, the residual 
stress due to the heat when forming the detection facet, 
the shrinkage of the bonding material at adhesion, and 



so on. Further, the attachment stress is a stress that is 
added to the polarization beam splitter 90 when the 
polarization beam splitter 90 is arranged. 
[0166] Whenth power of the projection-type display 
device 80 is turned on in a state where the internal tem- 
perature is sufficiently low and the display image is 
observed, it was learned that, immediately after the 
power was turned on, as shown in Fig. 9, the above 
haze phenomenon could be prevented to an extent 
enough for practical use, but in contrast, the above haze 
phenomenon increased along witii the elapse of time. 
This indicates that the sto'ess having the biggest influ- 
ence upon tiie birefringence in the stress represented 
by thermal sti^ess + initial stress + attachment stress in 
this way is the thernfial stress and that if the amount of 
strain due to this thermsil stress is managed, the haze 
phenomenon can be sufficientiy reduced. 
[01 67] By this, when further considering ttiis thermal 
stress, it is possible to represent the thermal stress by 
physical constants defining the characteristics of this 
type of glass material and to thereby represent it by the 
temperature difference x linear expansion coefficient x 
Young's nrodules. Further, the temperature difference 
can be represented by the specific heat, specific gravity, 
and transmittance. 

[01 68] When considering tiiis, the degree of the above 
haze phenomenon due to the birefringence can be 
judged by the parameter A by Equation (1). 
[0169] In actuality, when investigating this comparing 
the polarization beam splitter 90 made by a glass mate- 
rial having a parameter A with a value of 3.71 x 10^ 
according to this embodiment and a polarization beam 
splitter made by a glass material having a parameter A 
with a value of 5.44 x 10^, as shown in Rg. 9. in the one 
having a parameter A witii a value of 5.44 x 10^. the 
above haze phenomenon inaeased for a few hours and 
a reduction of the contrast was perceived due to the 
phenomenon. Contorary to tiiis. in the one having a 
parameter A with a value of 3.71 x 10^, even if it was 
used for a long time, it was difficult to see a reduction of 
the contrast due to the haze phenomenon, so it was 
seen that a high quality image could be sufficiently dis- 
played for praaical use. 

[01 70] When judging these evaluation results overall, 
in order to stop the reduction of the contrast due to the 
birefringence of the polarization beam splitter to a range 
enough for practical use. in actuality, if a glass material 
having a parameter A with a value of 5.00 x 10^ or less 
is used, a projection-type display device with a little 
deterioration of contrast and uniformity can be otrtained. 
[01 71 ] In tiiis way, in the projection-type display device 

80. the reduction of the contrast is prevented, the illumi- 
nation light can be supplied in an uniform amount by ttie 
fly eye lenses 84A and 84B arranged in the light source 

81. and the unevenness of luminance of ttie display 
image can be prevented by ttiat amount. Due to this, it 
becomes possit>le to display a high quality display 
image due to this as well. 
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[0172] Further, due to the plane polarization conver- 
sion sheet 85 arranged between these fly eye lenses 
84A and 84B, the p-polarization component which 
passes through the polarization l>eam splitter 90 and is 
never used for the display of the image is partially con- 5 
verted to a s-polarization component and emitted, 
whereby the efficiency of utilization of the illumination 
light is increased by that amount and the luminance 
level of the display image is improved. Due to this as 
well, it becomes possible to display a high quality dis- w 
play image. 

[0173] As explained abwe. according to the fifth 
embodiment, since the polarization beam splitter is pre- 
pared by using a glass material having a parameter A 
indicating the degree of the birefringence due to the 15 
thermal stress shown by Equation (1) with a value of 
3.71 X 10^, which is a value lower than 5.00 x 10^. the 
reduction of the contrast due to the above haze phe- 
nomenon can be stopped to an extent enough for prac- 
tical use. Due to this, a high quality display image can 20 
be displayed. 

[0174] Particularly, since the change of the contrast 
due to heat is small, even if it is turned on for a long 
time, it becomes possible to obtain a stable contrast and 
uniformity. Further, the thermal stress characteristic of 2s 
the material with respect to an increase of the amount of 
light accompanying an increase of the luminance of the 
display image is improved, whereby it becomes easy to 
increase the luminance. 

[0175] Further, according to the fifth embodiment, 30 
since the dichroic mirror was arranged inclined so that 
the angle exhibited by the optical axis of the illumination 
light incident on the dichroic mirror serving as the wave- 
length separation mirror and the optical axis of the mod- 
ulated light becomes an angle smaller than 90 degrees. 3s 
it becomes possible to reduce the difference of the 
wavelength in the p-polarization component and the s- 
polarization component of the reflected light in a config- 
uration for generating modulated light of p-polarization 
and s-polarization from illumination light of s-polariza- 40 
tion and projecting the same on a screen, the efficiency 
of utilization of the illumination light can be improved by 
that amount, and, as a result, a high quality image can 
be displayed. 

45 

Sixth Embodiment 

[0176] Figure 10 is a view of the configuration of a 
sixth embodiment of a projection-type display device 
according to the present invention. 50 
[0177] In this projection-type display device 100, in 
place of the dichroic mirrors 91 B and 91 R in the projec- 
tion-type display device 80. the illumination light is bro- 
ken down into blue, red, and green illumination light by 
the dichroic prism 101 and blue, red, and green optical ss 
images are synthesized. 

[0178] Further, in the projection-type display device 
100, in addition to the polarization beam splitter 90. this 
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dichroic prism 10 is prepared by using a glass material 
having a parameter A indicated by Equation (1) with a 
value of 3.71 x 10^. 

[01 79] As shown in Fig. 1 0, even if the dichroic prism 
101 is formed by using a glass material having a param- 
eter A indicating the degree of the birefringence due to 
the thermal stress with a value of 3.71 x 10^. similar 
effects as those by the fifth embodiment can be 
obtained. 

Seyenth Embodiment 

[01 80] Figure 1 1 is a view of the configuration of a sev- 
enth emtxxiiment of a projection-type display device 
according to the present invention. 
[01 81 ] In a projection-type display device 1 1 0 accord- 
ing to the seventh embodiment, a polarization beam 
splitter 1 1 1 having different transmitting and reflecting 
plane polarizations from those of the polarization beam 
splitter 90 of the projection-type display device 80 of the 
fifth embodiment is arranged and the arrangement of 
the optical system is changed corresponding to this. 
[01 82] Note that, in this projection-type display device 
1 1 0. the same configurations as those of the projection- 
type display device 80 are indicated by corresponding 
references and overlapping explanations will be omit- 
ted. 

[0183] Namely, in this projection-type display device 
110, the polarization beam splitter 1 11 is prepared by 
using a glass material having a parameter A indicating 
the degree of the birefringence due to the thermal 
stress with a value of 3.71 x 10^. transmits the s-polar- 
ized beam therethrough, and reflects the p-polarized 
light. Corresponding to this, the dichroic mirror 91 B etc. 
are arranged on the optical path of the illumination light 
passing through the polarization beam splitter 111. 
[0184] Further, in this projection-type display device 
110, polarization separation elements 112 and 113 are 
arranged on the light source side and the projection 
optical system side of the polarization beam splitter 
111. 

[0185] The polarization separation elements 1 12 and 
113 are formed by laminating films of predetermined 
thicknesses having optical anisotropy and selectively 
transmit the incident light of predetermined plane polar- 
izations shown in Fig. 12 therethrough, while selectively 
reflect incident light having plane polarizations orthogo- 
nal to this. 

[0186] The polarization separation element 112 is 
arranged between the convex lens 89 and the polariza- 
tion beam splitter ill, selectively transmits the s-polar- 
ization component in the illumination light incident from 
the light source 81 therethrough, while selectively 
reflects the p-polarization component. 
[0187] The polarization separation element 113 is 
ananged between the projection optical system 92 and 
the polarization beam splitter 111, selectively transmits 
the pix>iarization component in the incident light from 
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the polarization beam splitter 111 therettirough. wtiile 
selectively reflects the s-polarization component 
[0188] Due to this, the polarization separation ele- 
ments 11 2 and 1 1 3 reflect the components of the plane 
polarization which become the cause of the above haze s 
phenomenon to the light source side and can utilize 
them again and improve the contrast of the display 
image and. at the same time, efficiently utilize the illumi- 
nation light and improve the luminance level of the dis- 
play image. io 
[0189] Further, the polarization separation elements 
1 12 and 1 13 are held adhered to the incident facet and 
the emission facet of the polarization beam splitter 111. 
[01 90] By this, the projection-type display device 1 1 0 
eliminates the air layer between the polarization separa- is 
Won element 1 1 2 and the polarization beam splitter 1 1 1 
and the air layer between the polarization separation 
element 1 13 and the polarization beam splitter 1 1 1 and 
prevents the loss of the light due to these air layers. 
[0191 ] Further, the projection-type display device 110 20 
efficiently radiates the heat generated at the polariza- 
tion separation elements 112 and 1 13 and reduces the 
temperature rise. 

[0192] According to the seventh embodiment, in addi- 
tion to the configuration according to the fifth embodi- 2s 
ment. since the polarization separation elements 112 
and 113 are arranged between the light source 81 and 
the polarization beam splitter 1 1 1 and between the pro- 
jection optical system 92 and the polarization beam 
splitter 1 1 1 , the above haze phenomenon can be further so 
prevented. Due to this, the contrast is improved and a 
high quality display image can be formed. 
[0193] Further, since these polarization separation 
elements 1 12 and 1 13 are held adhered to tiie pofariza- 
tion beam splitter 1 1 1 , the loss of the light due to the air 35 
layers is prevented, thus a bright high quality display 
image can be displayed. Further, the temperature rise 
can be reduced, therefore tiie reliability can be 
improved by that amount, aging can be prevented, and 
further the work required for the arrangement can be 40 
simplified. 

[0194] Note that, in the embodiments, cases where 
the present invention was applied to a projection-type 
display device using one polarization beam splitter were 
explained, but the present invention is not limited to this 45 
and can be widely applied also to the case of allocating 
a polarization beam splitter for every color and other 
cases. 

[0195] While the invention has been described with 
reference to specific embodiment chosen for purpose of so 
illustration, it should be apparent that numerous nxxiifi- 
cation could be made thereto by those skilled in the art 
without departing from the basic concept and scope of 
the invention. 
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Claims 

1. A projection-type display device, comprising at 



least: 

a first reflection-type image-forming means for 
spatially modulating and r^lecting an Incident 
first illumination light to emit a first optical 
image. 

a second reflection-type image-forming means 
for spatially modulating and reflecting an inci- 
dent second illumination light to emit a second 
optical image, 

a wavelength separation min-or for reflecting 
illumination light of a predetermined wave- 
length in incident light and emitting it as said 
first illumination light to said first reflection-type 
image-forming means and transmitting tiie 
remaining illumination light and emitting it as 
said second illumination light to said secorxi 
reflection-type image-forming means so as to 
reflect said first optical image and fransmit said 
second optical image and emit said first and 
second optical images so as to follow the opti- 
cal path of said incident light in reverse, 
a projection optical system for projecting said 
first and second optical images, 
a light source for emitting predetermined light 
to said wavelength separation mirror as said 
inddent light, and 

a light separating means for emitting said inci- 
dent light emitted from said light source to said 
wavelength separation mirror and emitting tiie 
first and second optical images incident from 
said wavelength separation min-or to said pro- 
jection optical image. 

the inclination of the wavelength separation 
mirror set so that the optical axis of tiie light 
inddent on the wavelength separation minor 
and the optical axis of tiie first optical image 
becomes smaller than 90 degrees. 

2. A projection-type display device as set forth in daim 
1, wherein: 

said first reflection-type image-forming means 
emits said first optical image with a plane polar- 
ization rotated with respect to tiie incident light 
and 

a polarization filter for selectively transmitting 
illumination light of a plane polarization con'e- 
sponding to the plane polarization of said light 
inddent on said first reflection-type image- 
forming means is arranged between said light 
source and said light separating means. 

3. A projection-type display device as set forth in daim 
1, wherein 

said first reflection-type image-forming means 
emits said first optical image with a plane polar- 
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ization rotated with respect to the inddent light 
and 

a polarization filter for selectively transmitting 
incident light of a plane polarization corre- 
sponding to the plane polarization of said first s 
optical image is arranged between said projec- 
tion optical system and said light separating 
means. 



A projection-type display device as set forth in daim 
1 . wherein 



10 



said first reflection-type image-forming means 
emits said first optical image with a plane polar- 
ization rotated with respect to the incklent light, is 
a first polarization fitter for selectively transmit- 
ting illumination light of a plane polarization 
corresponding to the plane polarization of said 
light incident on said first reflection-type image- 
forming means is arranged between said light 20 
source and said light separating means, and 
a second polarization filter for selectively trans- 
mitting incident light of a plane polarization cor- 
responding to the plane polarization of said first 
optical image is ananged between said projec- 25 
tion optical system and said light separating 
means. 



5. A projection-type display device, comprising at 
least: 



30 



a first reflection-type image-forming means for 
spatially modulating and reflecting an inddent 
first illumination light to emit a first optical 6. 
image, 35 
a second reflection-type image-forming means 
for spatially modulating and reflecting an inci- 
dent second illumination light to emit a second 
optical image, 

a third reflection-type image-forming means for 40 
spatially modulating and reflecting an inddent 
third illumination light to emit a third optical 
image, 

a first wavelength separation mirror for reflect- 
ing illumination light of a predetermined wave- 4s 
length in incident light and emitting it as said 
first illumination light to said first reflection-type 
image-forming means and transmitting and 7. 
emitting the remaining illumination light so as to 
reflect said first optical image and transmit said so 
second and tfiird optical images and emit said 
first second, and tiiird optical images so as to 
follow the optical path of the inddent light in 
reverse. 

a second wavelengtii separation mirror for ss 
reflecting illumination light of a predetermined 
wavelength in light transmitted through said 
first wavelength separation min'or and emitting 



it as said second illumination light to sakj sec- 
ond reflection- type image-forming means and 
transmitting the remaining illumination light and 
emitting it as said third illumination tight to said 
third reflection-type image-forming means so 
as to reflect said second optical image and 
transmit said third optical image and emit said 
second and ttiird optical images toward said 
first wavelength separation min-or. 
a projection optical system for projecting said 
first, second, and third optical intages, 
a light source for emitting predetermined light 
to said first wavelengtii separation mirror as 
said incident light, and 

a light separating means for emitting said ind- 
dent light emitted from said light source to said 
first wavelengtii separation mirror and emitting 
the first, second, and third optical images inci- 
dent from said first wavelength separation mir- 
ror to said projection optical image, 
the inclination of said first wavelength separa- 
tion min-or set so that the optical axis of the light 
inddent on said first wavelength separation 
mirror and the optical axis of said first optical 
image becomes smaller tfian 90 degrees, 
the inclination of said second wavelength sepa- 
ration min-or set so that the optical axis of the 
light Incident on said second wavelength sepa- 
ration min-or and passing through said first 
wavelengtii separation mirror and the optical 
axis of said second optical image becomes 
smaller tiian 90 degrees. 

A projection-type display device as set fortii in daim 
5. wherein: 

said first reflection-type image-forming means 
emits said first optical image with a plane polar- 
ization rotated witfi respect to the incident light 
and 

a polarization filter for selectively ti-ansmitting 
illumination light of a plane polarization con^e- 
sponding to the plane polarization of said light 
inddent on said first reflection-type image- 
forming means is arranged between sakJ light 
source and said light separating means. 

A projection-type display device as set forth in daim 
5, wherein 

said first r^lection-type image-forming means 
emits said first optical image with a plane polar- 
ization rotated with respect to the incident light 
and 

a polarization filter for selectively ti-ansmitting 
incident light of a plane polarization con^e- 
sponding to the plane polarization of said first 
optical image is arranged between said projec- 
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tion optical system and said light separating 
means. 

8. A projection-type display device as set forth in claim 
5, wherein 

said first reflection-type image-forming means 
emits said first optical image with a plane polar- 
ization rotated with respect to the incident light 
a first polarization filter for selectively transmit- 
ting illumination light of a plane polarization 
corresponding to the plane polarization of said 
light incident on said first reflection-type image- 
forming means is arranged between said light 
source and said light separating means, and 
a second polarization filter for selectively trans- 
mitting incident light of a plane polarization cor- 
responding to the plane polarization of said first 
optical image is arranged between said projec- 
tion optical system and said light separating 
means. 

9. A projection-type display device, comprising: 

a reflection-type image-forming means for spa- 
tially modulating and reflecting illumination light 
of a predetermined plane polarization to emit 
an optical image with a plane polarization 
rotated with respect to the plane polarization of 
the illumination light. 

a projection optical system for projecting said 
optical image. 

a light source for emitting said illumination light, 
and 

a light separating means for emitting said illu- 
mination light emitted from said light source 
toward said reflection-type image-forming 
means and emitting said optical image emitted 
from said reflection-type image-forming means 
to said projection optical system, 
a polarization separation element for selec- 
tively transmitting illumination light of a plane 
polarization conesponding to the plane polari- 
zation of the light incident on said reflection- 
type image-forming means and selectively 
reflecting the component of the plane polariza- 
tion orthogonal to that plane polarization 
an-anged between said light source and said 
light separating means. 
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1 0. A projection-type display device as set forth in claim 
9. wherein said polarization separatfon element is 
formed on an incident facet of the illumination light 
of said light separating means. 

11 . A projection-type display device, comprising: 

a reflection-type image-forming means for spa- 



50 



55 



tially modulating and reflecting illumination light 
of a predetermined plane polarization to mit 
an optical image with a plane polarization 
rotated with respect to the plane polarization of 
the illumination light, 

a projection optical system for projecting said 
optical image. 

a light source for emitting said Illumination light, 
and 

a ligfrt separating means for emitting said illu- 
mination light emitted from said light source 
toward said reflection-type image-forming 
means and emitting said optical image emitted 
from said reflection-type image-forming means 
to said projection optical system, 
a polarization separation element for selec- 
tively ti-ansmitting incident light of a predeter- 
mined plane polarization corresponding to the 
plane polarization of said optical image and 
selectively reflecting tiie component of the 
plane polarization orthogonal to that plane 
polarization anranged between said projection 
optical system and said light separating 
means. 

12. A projection-type display device as set forth in daim 
11. wherein said polarization separation element is 
formed on an emission facet of the optical image of 
said light separating means. 

1 3. A projection-type display device, comprising: 

a reflection-type image-forming means for spa- 
tially modulating and reflecting illumination light 
of a predetermined plane polarization to emit 
an opta'cal image with a plane polarization 
rotated with respect to the plane polarization of 
the illumination light, 

a projection optical system for projecting said 
optical image. 

a light source for emitting said illumination light, 
and 

a light separating means for emitting said illu- 
mination light emitted from said light source 
toward said reflection-type image-forming 
means and emitting said optical image emitted 
from said reflection-type image-forming means 
to said projection optical system, 
a first polarization separation element for 
selectively transmitting illumination light of a 
plane polarization con-esponding to ttie plane 
polarization of the light incident on said reflec- 
tion-type image-forming means and selectively 
reflecting the component of the plane polariza- 
tion orthogonal to tiiat plane polarization 
arranged between said light source and said 
light separating means. 

a second polarization separation element for 



19 



EP991281A2 [file 'i \EP991281A2 cpc] 



^ace 20 of 34 



37 



EP0 991 281 A2 



38 



selectively transmitting inciderTt light of a pre- 
determined plane polarization conesponding 
to the plane polarization of said optical image 
and selectively reflecting the component of the 
plane polarization orthogonal to that plane 
polarization arranged between said projection 
optical system and said light separating 
means. 

1 4. A projection-type display device as set forth in claim 
13, wherein said first polarization separation ele- 
ment Is formed on an incident facet of the illumina- 
tion light of said light separating means. 

1 5. A projection-type display device as set forth in claim 
13. wherein said second polarization separation 
element is formed on an emission facet of the opti- 
cal image of said light separating means. 

1 6. A projection-type display device as set forth in claim 
13. wherein 

said first polarization separation element is 
formed on an incident facet of the illumination 
light of said light separating means, and 
said second polarization separation element is 
formed on an emission facet of the optical 
image of said light separating means. 

17. A projection-type display device, comprising: 

a reflection-type image-forming means for spa- 
tially modulating illumination light of a predeter- 
mined plane polarization to emit an optical 
image with a plane polarization rotated with 
respect to the plane polarization of the illumina- 
tion light. 

a projection optical system for projecting said 
optical image. 

a light source for emitting said illumination light, 
and 

a polarization beam splitter for emitting said 
illumination light emitted from said light source 
toward said r^lection-type image-forming 
means and emitting a predetermined polariza- 
tion component in the optical light incident from 
said reflection-type image-forming means to 
said projection optical system, 
said polarization beam splitter being formed by 
a member satisfying the following relationship: 



5.00x10^SrK-a-E-^J {1'T)dX 



K: photoelasticity constant of said member 
(nmAnm • mm^/N), 

a: linear expansion coefficient of said 
member (10"^/K). 
5 E: Young's modulus of said member 

(lO^fsl/mm^). 

X: wavelength of the illumination light (nm), 
T: internal transmittance of said member at 
the wavelength X. 
10 p : specific gravity of said member (g/cm^). 

and 

Cp: specific heat of said member (J/g • k). 

the integration range in Equation being a range 
IS of the light absorption wavelength band of the 

member. 

1 8. A projection-type display device as set forth in daim 
17, wherein said light absorption wavelength band 

20 is a range of 420 nm to 500 nm. 

1 9. A projection-type display device as set forth in daim 
17. wherein a polarization separation element for 
selectively transmitting illumination light of a plane 

25 polarization corresponding to the plane polarization 
of the light incident on said reflection-type image- 
forming means and selectively reflecting the com- 
ponent of the plane polarization orthogonal to that 
plane polarization arranged between said light 

30 source and said polarization beam splitter. 

20. A projection-type display device as set forth in daim 
19, wherein said polarization separation element is 
formed on an incident facet of the illumination light 

35 of said polarization beam splitter. 

21 . A projection-type display device as set forth in daim 
17, wherein a polarization separation element for 
selectively transmitting inddent light of a predeter- 

40 mined plane polarization conesponding to the 
plane polarization of said optical image and selec- 
tively reflecting the component of ttie plane polari- 
zation ortiiogonal to that plane polarization 
arranged between said projection optical system 

45 and said polarization beam splitter. 

22. A projection-type display device as set forth in daim 
21 , wherein 

50 said polarization separation element Is formed 

on an emission facet of ttie optical image of 
said polarization beam splitter. 

23w A projection-type display device as set fortti in daim 
55 17. wherein 



where. 



a first polarization separation element for 
selectively transmitting illumination light of a 
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plane polarization corresponding to the plane 
polarization of tfie light incident on said reflec- 
tion-type image-forming means and selectively 
reflecting the component of the plane polariza- 
tion orthogonal to that plane polarization 5 
arranged between said light source and said 
polarization beam splitter and 
a second polarization separation element for 
selectively transmitting incident light of a pre- 
determined plane polarization conesponding 10 
to the plane polarization of said optical image 
arxJ selectively reflecting the component of the 
plane polarization orthogonal to that plane 
polarization arranged between said projection 
optical system and said polarization beam is 
splitter 

24. A projection-type display device as set forth in claim 
23, wherein said first polarization separation ele- 
ment formed on to an incident feicet of the illumina- 20 
tion light off said polarization t»eam splitter. 

25. A projection-type display device as set forth in claim 
23. wherein said second polarization separation 
element is formed on an emission facet of the opti- 25 
cal image of said polarization beam splitter. 



291 A2 40 

determined polarization component in said 
optical images incident from said dichroic 
prism to said projection optical system, 
said polarization beam splitter and/or said dich- 
roic prism being formed by a member satisfying 
the following relationship: 

5.00x10^2^K-a-E*^f (1-T)dA. 

^> 
/.J 

where, 

K: photoelastidty constant of said member 
(nmAnm • mm^/N), 

a: linear expansion coefficient of said 
member (10'^/K). 

E: Young's modulus of said member 
(10%mm2), 

X: wavelength of the illumination light (nm), 
T: internal transmittance of said member at 
the wavelength \, 

p: specific gravity of said member (g/cm^), 
and 

Cp: specific heat of said member (J/g ^k), 



26. A projection-type display device as set forth in claim 
23, wherein 

30 

said first polarization separation element is 
formed on an incident facet of the illumination 
light of said polarization beam splitter and 
said second polarization separation element is 
formed on an emission facet of the optical 3S 
image of said polarization beam splitter. 

27. A projection-type display device, comprising: 

a plurality of reflection-type image-forming 40 
means each of which for spatially modulating 
incident light of a predetermined wavelength 
and emitting an optical image with a plane 
polarization rotated with respect to the plane 
polarization of the incident light. 45 
a light source for emitting illumtr^tion light, 
a dichroic prism for emitting illumination light 
emitted from said light source to said plurality 
of reflection-type image-forming means based 
on wavelength and emitting said optical images so 
incident from said plurality of r€^lection-type 
image-forming means so as to run in reverse 
along the optical axis of said illumination light, 
a projection optical system for projecting said 
optical images, and ss 
a polarization beam splitter for emitting said 
illumination light emitted from said light source 
toward said dichroic prism and emitting a pre- 



the integration range in Equation being a range 
of the tight absorption wavelength band of the 
member. 

28. A projection-type display device as set forth in daim 
27. wherein said light absorption wavelength band 
is a range of 420 nm to 500 nm. 

29. A projection-type display device as set fbrtfi in daim 
27, wherein a polarization separation element for 
selectively transmitting illumination light of a plane 
polarization corresponding to the plane polarization 
of the light incident on said reflection-type image- 
forming means and selectively reflecting the com- 
ponent of the plane polarization orthogonal to tiiat 
plane polarization arranged betinreen said light 
source and said pdarization beam splitter. 

30. A projection-type display device as set forth in daim 
29. wherein said polarization separation element is 
formed on an inddent facet of the illumination light 
of said polarization beam splitter. 

31 . A projection-type display device as set fortii in daim 
27, wherein a polarization separation element for 
selectively transmitting incident light of a predeter- 
mined plane polarization corresponding to the 
plane polarization of said optical image and selec- 
tively reflecting the component of the plane polari- 
zation ortfx)gonal to that plane polarization 
arranged between said projection optical system 
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and said polarization beam splitter. 

32. A projection-type display device as set forth in claim 
31. wfierein 

5 

said polarization separation element is formed 
on an emission facet of the opticat image of 
said polarization beam splitter. 

33. A projection-type display device as set forth in claim w 

27, wherein 

a first polarization separation element for 
selectively transmitting illumination light of a 
plane polarization corresponding to the plane is 
polarization of the light incident on said reflec- 
tion-type image-forming means and selectively 
reflecting the componertt of the plane polariza- 
tion orthogonal to that plane polarization 
ananged between said light source and said 20 
polarization beam splitter and 
a second polarization separation element for 
selectively transmitting incident light of a pre- 
determined plane polarization corresponding 
to the plane polarization of said optical image 2s 
and selectively reflecting tfie component of the 
plane polarization orthogonal to that plane 
polarization an^anged between said projection 
optical system and said polarization beam 
splitter. 30 

34. A projection-type display device as set forth in claim 
33. wherein said first polarization separation ele- 
ment is formed on an incident facet of the illumina- 
tion light of said polarization beam splitter. 35 

35. A projection-type display device as set forth in claim 
33. wherein said second polarization separation 
element is formed on an emission facet of the opti- 
cal image of said polarization beam splitter. 40 

36. A projection-type display device as set forth in claim 
33, wherein 

said first polarization separation element is 45 
formed on an incident facet of the illumination 
light of said polarization beam splitter and 
said second polarization separation element is 
formed on an emission fecet of the optical 
image of said polarization beam splitter. so 
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